Abstract. The experimental information concerning elastic electron-deuteron scattering is reviewed, with emphasis on latest results at intermediate to high momentum transfers. The Bates Linear Accelerator Center playe d a k ey role in initiating and developing the necessary measurements of polarization observables, and will continue to do so with the BLAST project. The interpretation of observables and form factors is illustrated with some recent theoretical calculations, while their asymptotic behaviour is discussed in the light of perturbative quantum chromo-dynamics. In connection with the search for quark e ects in nuclei, a qualitative description of the proton charge distribution is attempted.
INTRODUCTION
Elastic electron-deuteron e-d scattering has been for over fty y ears the reaction of choice to study the electromagnetic structure of the simplest compound nucleus. The deuteron, as a two-nucleon system, is in e ect the best testing ground for precise descriptions of the nucleon-nucleon interaction, for the investigation of the role of non-nucleonic degrees of freedom in nuclei, as well as the role of relativity i n n uclear structure.
As the four-momentum Q transferred to the deuteron in elastic e-d scattering is increased, one explores the structure of this two-nucleon system at a shorter relative distance. A breakdown of the non-relativistic description of two i n teracting nucleons should occur at some distance scale. Furthermore, when this scale becomes comparable to, or smaller than, the size of the nucleons, we w ould expect, from a classical geometrical picture of overlapping spheres, that the deuteron structure be sensitive to details of the nucleon structure or excitations. This scale would set a limit to our conventional description of nuclei.
THE NON-RELATIVISTIC PICTURE OF THE DEUTERON
We review brie y the connection between the nucleon-nucleon potential the deuteron wave function and its shape.
The only well established part of the nucleon-nucleon interaction is the long range one pion exchange, which has a tensor part in con guration spin space. For internucleon distances of the order of 2 fm, the attractive i n teraction is described in terms of the exchange of two pions and or heavier mesons, including sometimes the hypothetical meson. At still shorter distances 1 fm or less, the interaction becomes repulsive. All potentials used in non-relativistic calculations include a purely phenomenological part to describe the short range repulsion, and part of the medium range attraction. Potentials used in eld theory based relativistic calculations are entirely built as a supersposition of one boson exchanges OBE.
Given the spin-parity J P = 1 
OBSERVABLES AND EXPERIMENTS
All observables of elastic e-d scattering are quadratic combinations of the three electromagnetic form factors that characterize a spin 1 nucleus: charge monopole G C Q, magnetic dipole G M Q and charge quadrupole G Q Q. The For an exhaustive list of A and B measurements, see 5, 16 . As for the measurements of polarization observables in e-d scattering, they are all mentioned below.
The Bates Linear Accelerator Center was the rst to measure t 20 17 The competition between these techniques has up to now turned to the advantage of the recoil polarization measurement, simply because it allows to reach higher momentum transfers. From the point of view of statistics, the internal polarized deuterium targets are not dense enough to reach equivalent luminosities. A quantitative comparison of the two techniques is presented in Fig. 2 , using a gure of merit de ned as the product luminosity L solid angle e ciencies " polarimeter analyzing power or target polarization 2 beam energy E 2 7 . The last factor accounts for the approximate dependence of the elastic cross section for a xed value of Q. But the methods should also be compared from the point of view of systematic errors, which are quite di erent. The recoil polarimetry necessitates a separate calibration experiment and absolute measurements see however 6,7 which render the data analysis very delicate. In contradistinction, the polarized target experiments are conceptually simpler, with a more straightforward data analysis, the most di cult issues being the measurement of the target polarization and, at the highest energies, the elimination of background.
We will witness in the next few years the continuous improvements of internal polarized targets experiments, both at Bates 30 and at Novosibirsk 31 . In addition, the new detection capabilities at small angles and for recoil particles of the HERMES detector 32 might make high Q measurements of T 20 possible at DESY. This should be investigated. As for external polarized targets, the use of 6 LiD now allows to withstand beam intensities of the order of 80 nA 33 , but there are no foreseen e-d experiments using this technique.
The polarimetry method, on the other hand, seems di cult to extend to still higher momentum transfers: not only there is no established way to measure the tensor polarization of 500 MeV to 1 GeV deuterons corresponding to 7 Q 10 fm ,1 , but a double scattering experiment becomes very hard at high Q with the small solid angles associated to the necessary magnetic spectrometers and the increasing kinematical mismatch b e t w een them.
LATEST RESULTS AND THEIR SIGNIFICANCE
The latest experimental results T 20 from NIKHEF, t 20 and A from Je erson Lab deal mostly with charge scattering. Only t 21 , proportional to the magnetic form factor, helps to con rm a node of this form factor around 7 fm ,1 , although with limited accuracy 21 . So our discussion will focus mostly on charge scattering. Nevertheless, it should be kept in mind that the magnetic form factor is very sensitive t o v arious theoretical assumptions or ingredients.
The meso-nucleonic description of the deuteron
In the non-relativistic impulse approximation NRIA, each form factor is a product of the isoscalar nucleon form factor by a n i n tegral over a function of u 
Relativistic corrections RC and meson exchange currents MEC contributions to the deuteron form factors can be implemented in a systematic way 38 , but in practice, various calculations can di er signi cantly from each other. The isoscalar MEC are not as well determined as their isovector counterpart. For the later only, the direct coupling of the virtual photon to a pion in ight is allowed, leading to large contributions to isovector transitions such a s ed ! epn at threshold. The isoscalar MEC, in contradistinction, are signi cantly smaller and dominated by the pion pair term in e-d elastic scattering. This term always shifts the node of the charge form factor G C to smaller values of Q, and this is re ected in the shift iñ t 20 illustrated in Fig. 3 is not correlated with the calculations performed with other potentials by the Hannover group 42 : this is probably due to a di erent approach of the MEC calculation and con rms the need to establish a standard model" of MEC. The non relativistic description of the deuteron form factors should break down as Q=M N becomes comparable to or higher than 1. Some authors indeed caution about the use of their non relativistic calculations beyond 5 fm ,1 41 . Amazingly enough, such calculations seem to describe the data much b e y ond this value. Purely relativistic calculations have made signi cant progress in the past decade. They are reviewed in these proceedings by W . v an Orden. Using One Boson Exhange nucleon-nucleon potentials consistently with quantum eld theory, it has now become possible to include MEC contributions to form factors calculated in Isobar and quark cluster components in the deuteron
As illustrated above, a description of the nucleon in a meso-nucleonic picture, whether non relativistic or relativistic, can reproduce the main trend of the data. Small deviations from experiment could still be due to uncertainties in these calculations. In particular, we pointed out some di erences between di erent nonrelativistic calculations.
Alternatively, one can go beyond the picture of two n ucleons exchanging mesons. On the relevance of perturbative QCD
The asymptotic behaviour of electromagnetic form factors can be inferred from quark counting rules and perturbative quantum chromo-dynamics PQCD. The Q-scale at which this asymptotic behaviour becomes applicable is however the subject of much theoretical debate 54 56 . If PQCD becomes applicable, it would certainly mean that the electron scatters from a six-quark object which does not bear much ressemblance with our conventional deuteron. But the reverse is not necessarily true: quark e ects in nuclei, though still elusive, could manifest themselves before PQCD becomes applicable.
There are three levels of predictions: i Dimensional scaling 57 : the leading form factor of a hadron composed of n quarks should behave asymptotically as Q ,2n,1 . F or the deuteron, n=6
and one expects A Q , 20 .
ii Logarithmic corrections to the leading amplitude, together with the assumption of the factorization of the nucleon form factors, yield 58 :
where F N is the nucleon form factor and is an energy scale characteristic of QCD. The absolute normalization of A is not predicted.
iii Helicity conservation at the quark level, at each photon gluon-quark vertex, implies helicity conservation for the deuteron between the initial and nal states 54 . In the light-cone frame LCF, the form factors are best expressed in an helicity basis 56 : helicity conservation is then equivalent t o the prediction that G Considering the helicity amplitudes, the minimal ansatz which ignores logarithmic corrections and does not constitute a systematic expansion in powers of 1=Q is: Eq. (7) Ref. [48] 
B/A
Fit to world data a=b=0 [56] a=5, b=0 [59] a=1.8, b=38 [60] From this discussion, we infer that PQCD can also account for the Q-dependence of A above 2 GeV c 2 , but that polarization data up to this value implies that the non helicity ip amplitude is not the dominant one. Thus there seems to be a contradiction around 2 GeV c 2 between these two statements. They could be reconciled if the double helicity ip amplitude were to decrease very quickly beyond the point where it is now determined. It would certainly constitute a big progress if the absolute normalization of these amplitudes could be evaluated within PQCD.
A REMARK ABOUT THE NUCLEON STRUCTURE
We do not have y et a description of the deuteron form factors that prevails over all other ones. Still, we can come back to our introductory question: at high Q, do the nucleons overlap so much that their internal structure has to play a role in the process? Around 2 GeV c 2 , w e should be sensitive t o i n ternucleon distances of the order of 0.3 fm. This is certainly smaller than the charge radius of a proton 0.8 fm. Let us in this respect make a conjecture based on a qualitative i n terpretation of recent measurements of the proton charge form factor: the ratio of charge to Fourier transform, to a form factor with the measured behaviour. This reasoning can only be qualitative, since the correspondance between form factor and static density, without taking into account a n y relativistic contraction, is correct only non relativistically. One can certainly object to its application beyond Q 2 ' 1 GeV c 2 
62
. Nevertheless, the picture may tell us that the proton has a small core quarks only? and an exponential tail the pion cloud?. This is also what many theoreticians have been proposing for a decade or so.
It may just be that the quark core of the nucleon is very small. This could explain why quark degrees of freedom do not play an explicit role in the structure of nuclei. 
